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For a number of years it seemed likely that IgV region genes were expressed
in T cells . The presence ofV determinants on the surface of T lymphocytes was
reported (1) and clonotypic transcription of a germline V gene segment was ob-
served in a cytotoxic T cell clone (2) . Nevertheless, other examples ofV transcrip-
tion in T cells have failed to emerge (3, 4) . However, recent studies of inversion of
chromosome 14 long arm in aT cell lymphoma showed that recombination had
occurred between theT cell receptor Ja locus at 14gll and an Ig V gene at 14832
(5, 6) . In addition, 14832 sequences adjacent to the inversion breakpoint hybridize
to a 5 .2-kbmRNA in a panel ofT cells (7), whether or not they have achromosome
14 inversion . We have now characterized cDNA clones from a human T cell line
and show that the 14832 T cell mRNA corresponds to a transcript of an unrear-
ranged V gene in which a novel, 5' exon replaces the hydrophobic leader sequence
normally associated with V transcripts in B cells . In genomic DNA, the new exon
is adjacent to a pseudoV gene, not observed in mature mRNA, implying that
RNA splicing controls association of the new exon with the expressed VH segments.
Materials and Methods
Analysis of Recombinant Clones
cDNA and Genomic Clones .
￿
Poly(A)' mRNA from the RPMI 8402 cell line was cloned
into the Eco RI site of Xgt10 (8) (Clonetech Laboratories Inc., Palo Alto, CA) . Restriction
fragments of isolated recombinant ) . DNA were subcloned into pUC9 and M13 (9) and se-
quenced as M13 single-stranded DNA (10, 11) . A X phage library made from RPMI 8402
DNA (12) was screened with cR18ES (Fig . 1 D) . Positive clones were analyzed as above.
Analysis of GenomicDNA
Southern filters were prepared (13) and hybridized as described (12) . DNA probes were
prepared by randóm oligolabeling (14) .
Results and Discussion
A 5.2-kbRNA was originally detected in 11 differenthuman T cell lines with probes
containing 14832 sequences, adjacent to the centromeric breakpoint of the SUPTI
chromosome 14 inversion (7) . ThisRNA was derived from a 4.3-kb region separating
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Genomic mapsofchromosome 14 and
derived cDNA clones from RPMI 8402. (A) Or-
ganization of the unrearranged V5 and VH re-
gion of chromosome 14832 (7). (B) Restriction
map ofXS9X (a pUC19 subclone ofa 7 .4-kb Xho
I fragment from XXS9) (7) carrying the centro-
meric breakpoint of the inversion chromosome
14 (gll;g32) ofSURTI. The position ofthe break-
point is indicated. (C) Composite restriction map
of cDNA clones corresponding to the 5.2-kb
mRNA transcribed in T cells. Pst, Pst; X, Xho
I; B, Barn HI; S, Sacl. Barn and Xho sites come
from the cloning site ofX2001. (D) Probes from
cDNA clones cR18 and cR8.
the Ig V and VH genes (Fig. 1 A) . The structure of the 5 .2-kb transcript was ana-
lyzed in cDNA clones from the T cell line RPMI 8402 . 105 recombinant cDNA
clones were screened with the probe XS9X (Fig. 1 B). 35 phages were isolated,
representing a frequency of N1 in 2,500 recombinants .
Nine clones formed a set of overlapping cDNA fragments, whose total length is
4.7 kb (Fig. 1 C). The cDNA restriction pattern is identical for 4.1 kb, at the 3' end,
to that of the spacer region between V,S, and VH . The structure of the 5' region of
the 5.2-kb transcript was analyzed by DNA sequencing. 700 by of this sequence,
beginning at the 5' end of clone cR18, is shown in Fig. 2 A . Amino acid translation
of this sequence shows that the 5.2-kb RNA includes the V,5, gene segment (V HII
subgroup), represented by nucleotides 302-605 . The transcribed V, 5, segment is not
rearranged, since it still has the conserved heptamer (nucleotides 606-612) and nonamer
(nucleotides 636-644) recombination signal sequences (15). Thus, most of the 5 .2-
kb RNA in RPMI 8402 cells is derived from transcription beginning at the 5' end
of the V (nucleotide 302) and extending through most of the downstream spacer
region up to, but not including, the VH gene segment.
In B lymphocytes, the transcription of V gene segments involves splicing of a
5' leader exon to the V H segment, with consequent removal of a small intron . How-
ever, the sequence immediately upstream of VS, in the 5.2-kb RNA (residues 1-301,
Fig. 2 D) does not correspond to the 5' leader exon, but instead to new exonic se-
quences (designated as E.,) . Normally the AUG codon used for the initiation of pro-
tein translation is present in the leader exon of the V H gene. Therefore this func-
tion must be fulfilled by the E T sequence in this mRNA. Analysis of the E, sequence
revealed an initiation codon in phase with the VH segment. The available ET se-
quence actually includes another ATG triplet (nucleotides 255-257), which is out
of phase with V, 5, and ends at a stop codon just 10 residues downstream (nucleo-
tides 285-287).
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FIGURE 2.
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Nucleotide sequence ofcoding re-
gion from V T cell mRNAs. (A) The se-
quence is from the 5' end of clone cR18 (see
Fig. 1) to beyond the putative protein trans-
lation stop codon ("); the presumptive pro-
tein translation ofthis sequence is given in the
single letter code (upper case except for a re-
gion ahead ofthe ET methionine codon which
is shown in lower case from a stop code [']
at residue 59). Relevant restriction sites are
underlined and cysteine residues normally in-
volved in intrachain disulphide bonding are
circled. The heptamer and nonamer recom-
bination signals are indicated by stars. The
putative RNA splice site between ET and V
is shown by a vertical arrow. (B) Nucleotide
sequence and derived protein sequence of a
second V cDNA clone cR19 (up to a puta-
tive protein translation stop codon). Annota-
tions are as for Fig. 2 A.
Translation of the 5 .2-kb RNA from the putative ATG initiation codon would
yield a polypeptide of 122 amino acids, of which the four NH2-terminal residues
are encoded by ET . Furthermore, the ET sequence does not show significant ho-
mology to any other known sequence. Since it seems that the ET exon can only en-
code for four amino acids, and does not seem hydrophobic, a VH protein domain
with this sequence attached would most likely remain inside the cell. At present,
we do not know whether the mRNAs described in this paper are translated into
V polypeptides . However, the potentially intracellular protein products of these
T cell V transcripts may, like other Ig-like molecules, have the capacity to recog-
nize and bind particular antigens. This raises some interesting possibilities for con-
trol of Ig rearrangement in T cells.
To further investigate the occurrence of ET sequences in T cell mRNA, other
cDNA clones were isolated using cR8EP (Fig. 1 D). Two new clones (cR15 and cR19)
were analyzed and found together to encompass 1 .8 kb ofmRNA sequence. Sequence
analysis (Fig. 2 B) again revealed the presence of a V segment unrelated to
V'HThis VH9 segment (VIII subgroup) is also not rearranged, since it still retains 3'
recombination signals (Fig. 2 B) . Furthermore, the sequences upstream of V9
(nucleotides 1-66, Fig. 2 B) again consist of the ET sequences (nucleotides 235-301,
Fig. 2 B). Thus, the same ET exon(s) appear to be spliced with two distinct Ig V
gene transcripts in RPMI 8402 cells.
Since the normal leader exon is replaced in both of the T cell V mRNAs by a
new exon, we investigated the genomic organization by isolating clones from a X
phage library ofRPMI 8402 DNA (12). The restriction map of a representative clone
(XRES4) appears in Fig. 3 A. The ET sequence was located by hybridization with201 4
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DNA (12) using cR8ES (Fig. 1 D).
Transcription orientations are indi-
cated. R, Eco RI; B, Barn HI; S, Sacl;
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cR18ES (Fig. 1 D) and was found to occur as a single exon (Fig. 3 B). An RNA
splice site occurs at the end of the exon where it is spliced to the VH segments.
Therefore, the sequence is a single exon used in the production of the mRNAs rep-
resented by clones cR18 and cR19.
In addition to the ET exon, XRES4 contains a V gene, located 1.4 kb downstream
of ET . The sequence of this gene is given in Fig. 3 C. The sequence shows a V
gene with a normal leader exon. However, the sequence differs from the VH seg-
ments found in the cDNA clones. Furthermore, the gene is a pseudo-V. (related
to the VHII subgroup) with reading frame mutations. Therefore, the ET exon is not
adjacent in the genome to the expressed VH segments .
The hybridization complexity of the ET sequences was investigated (Fig. 4) in
human and mouse DNA with either cR8ES (ET) or cR8EP (VHII). The VH probe
detects multiple hybridizing bands in human and mouse DNA. The hybridization
characteristics ofthe cR8ES probe appear quite different. Only two hybridizing bands
appear in human DNA, demonstrating that the ET sequences are less complex than
the VH genes with which they are associated in RNA. Furthermore, the ET se-
quences appear conserved in mouse DNA.
Thus, we have found that Vi, gene segments are indeed transcribed in T cells,
and also that the pattern of VH transcription differs from that observed in B cells.
The primary ETVH T cell transcript must presumably carry at least one V seg-
ment (i.e., `YV'H segment), which is removed during splicing to generate the ma-
ture mRNA. Since the genomic and cDNA ET exons are identical, it seems prob-BAER ET AL. BRIEF DEFINITIVE REPORT
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FIGURE 4 .
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Filter hybridization of human and mouse genomic
DNA usingV cDNA clones . 10-wg aliquots of genomic DNA
were cut with Eco RI, fractionated in pairson 0.8% agarose and
transferred to cellulose nitrate (13) . Filters containing HeLa (H)
andEL4(M) were hybridised with either cR18ES or cR8EP (Figs .
1) . After hybridization, washes were carried out with 6 x SSC, 0.1%
SDS Size markers are X DNA cut with Hind III .
able that E, associated with Vs, andV;,q are derived by relatively long-range RNA
splicing from the same genomicET sequence . Clearly, the genomicET arrangement
providesasimple explanationfor the replacementof the leader exon inTcellmRNA,
because the normalV leader exon does not have a 5' acceptor splice site that could
join with the donor site of the ET exon . This latter donor site can however splice
directly onto the acceptor site of theV segment .
Summary
We previously detected mRNAs in a number ofhumanT cell lines with a probe
from within the IgV gene locus . We now show these mRNAs consist of Ig V
genes expressed in T cells . In one human T cell line, two RNA species have been
studied and found to come from transcripts of unrearrangedV segments in which
the leader exon, normally associated with V transcripts in B cells, is replaced by
a novel 5' exon (ET) not encoding a hydrophobic leader peptide . In genomic DNA,
this newETexon is adjacent to a pseudoV gene that has not been observed in ma-
ture mRNA . This implies that RNA splicing controls association of the new exon
with the expressed V segments . Hence, V transcription does indeed occur in T
cells, but is qualitatively different from that in B cells .
Receivedfor publication 21 December 1987 and in revisedform 21 March 1988 .
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